Introduction
Like saturated alkane chains saturated polycyclic hydrocarbons have larger HLG (greater than 6 eV), molecules with such a wide band gap act as an insulating wires. Recently, Li et al. [1] found a considerable reduction of the HOMO-LUMO gap on increasing the length of molecular chain constituting the molecular wires. In the present study, the saturated aromatic polycyclic hydrocarbon molecules have been considered as molecular nanowires, which contains polycyclic bridges [2] 
Computational details
The Au and S substituted 2,6-Dipropyldetradecahydroanthracene molecule (C 20 H 34 S 2 Au 2 ) has been optimized for the zero and applied field with five biasing steps (0.03, 0.05, 0.08, 0.10 and 0.13 VÅ -1 ) by high level DFT method using Gaussian03 program package [3, 4] . The whole calculations were performed by using a combination of Becke's three-parameter exchange function with non-local correlation of Lee, Yang and Parr (B3LYP hybrid function) with LANL2DZ basis set,
as it provides the detailed description of heavy metal atoms in the molecule [4] [5] [6] . As mentioned in chapter 5, also, the polarization and diffuse functions have been calculated by using the key word "B3LYP/gen pseudo=read gfinput". The chelpg charges with polarization and diffuse functions have been calculated using the key words "B3LYP/gen gfinput pop=(CHelpG, Readradii) pseudo=read". In addition, the van der Waals radius of Au and S has been included in the input file [7] [8] [9] .
All the geometry optimizations were performed via Berny algorithm with the threshold of 0.00045, 0.0003, 0.0018 and 0.0012 au for the maximum force, root mean square force (RMS), maximum displacement and RMS displacement respectively. With the requested convergence on the density matrix of 10 -8 and 10
for the RMS and maximum density matrix error between the iterations, the selfconsistency of the noninteractive wave function is performed. Here these entire quantum chemical calculations have been performed for various levels of applied EF to study the changes in structural, bond topological, and the electrostatic properties of the molecule. The bond topological and the electrostatic properties have been calculated from the EXT94b routine incorporated to the AIMPAC software [10] using Bader's theory of "Atoms in Molecules" (AIM). DENPROP and wfn2plots program package have been employed to plot the deformation and Laplacian of electron density maps. The HOMO-LUMO and electrostatic potential (ESP) maps were plotted using GVIEW [3, 11] . GaussSum program [12] has been used to plot the density of states (DOS) spectrum of the molecule for various applied EFs.
Results and Discussion

Structural aspects
The optimized geometry of Au and S substituted 2,6-Dipropyldetradeca hydroanthracene molecular wire for various applied EFs are shown in Fig. 6 The applied EFs slightly altered the geometry of the molecule, which are not same on both halves of the molecule (Fig. 6.3) . Table 6 For the zero field, the C−C bond length of all other bonds are vary from 1.545 to 1.556 Å, and the applied field not made any notable bond length variation. The C−H bond lengths are ranges from 1.093 to 1.106 Å and are almost remains same for the applied EFs. For the zero field, the S−C bond length is ~1.916 Å, which is close to the reported theoretical [7, 13] and experimental values [14] . For the applied field and 180° recpectively; as the field increases these angles decreases to -177.6 and 176.3° (Table 6 .1) respectively. The zero field torsions angle of Au−S−C−C bond at the L-and R-ends are -176.5 and 179.9° respectively; as the field increases, the corresponding maximum observed variations are 1.7 and 9°. 
Charge density and Laplacian of electron density
The AIM theory developed by Bader and coworkers [10, 17] is very useful to analyze the charge density distribution and electrostatic properties of isolated molecules obtained from quantum chemical calculations. Fig. 6 .5 shows the deformation density maps of the molecule for the zero and various applied EFs. As the field increases, the ρ bcp (r) of C (1) C (2) in the L-end of the molecule increases from 1.503 to 1.507 eÅ -3 ; whereas the same for the C(19) C (20) in the R-end exhibit the same density (1.502 eÅ -3 ). The zero field C−H bond density is ~ 1.7 eÅ -3 , which varies slightly with the increase of field. On comparing with C C and C H bonds, the S−C bond density is moderately small, which implies that the charges of these bonds are highly depleted and are move away from the inter-nuclear axis, which confirm it's dominant π-bond nature, this can be well understood from the Laplacian of electron density [17] . The zero field S−C bond density in both ends is ~0.878 eÅ -3 ; when the field increases, this bond density decreases at both ends. However, a larger variation is observed in the R-end (0.007 eÅ -3 ) than the L-end (0.001 eÅ -3 ). The terminal Au−S bond density for the zero bias in the L-and R-ends is 0.533 and 0.534 eÅ -3 respectively; as the field increases, the value increases in the L-end, whereas it decreases in the R-end. closed-shell type of interaction [17, 18] Here, the charges are well depleted in these bonds, hence they are delocalized and this can be visualized from the Laplacian of electron density maps (Fig. 6.6 ). This evidently shows the closed-shell type of interaction between gold and thiol atoms, which is pertinent with the previous reported results [7, 19] . Also, C−H bonds of the molecule exhibit a shared type of interaction, confirm the covalent bond character. 
Energy density
To analyze the bond stability [19] 
the electronic energy density H(r) of the molecule has been calculated. Energy density variation of the molecule for various
EFs with reference to zero EF is shown in Fig. 6 .8
Fig. 6.8
Bond energy density variation of Au and S substituted 2,6-Dipropyldetra decahydroanthracene for the zero and various applied EFs.
The electron density was correlated with local electronic energy density H(r)
in the bonding region [20] 
is expressed as H(r) = G(r) + V(r). Here, V(r) and G(r)
are the local potential energy density and kinetic energy density [21] . When the Laplacian of electron density is positive, the kinetic energy density is dominant, which leads to the depletion of bond charge; if it is negative, the potential energy density dominates.
The total energy density H(r) of Au and thiol substituted 2,6-Dipropyl detradecahydroanthracene is negative, implies that the accumulation of negative charge in the bonding regions [20, 21] . The total energy density H(r) for the C−C bonds is relatively high negative (~-1.1 HÅ -3 ) on compared with S C and Au S bonds; the maximum variation observed with the increase of field. ). Overall, it is observed that the energy density variations are not same in both ends of the molecule; but the variations are systematic in the R-end of the molecule.
Atomic charges
The knowledge of charge distribution of atoms in molecule is very much essential to understand the chemical reactivity, molecular electrostatic potential and the electrostatic interactions [22, 23] . Further, the charge distribution of molecules plays a major role in determining the performance of a molecular system [24] . Hence, to explore all the charge related molecular properties, it is important to study the redistributed charges of atoms under various applied EFs [22, 24] . Since different applications put different demands on the charges, it is a pre-requisite to predict the atomic charges from different methods [25, 26] . Here, the charges were calculated from CHELPG and natural population analysis (NPA) methods. The CHELPG charges are based on fitting of molecular electrostatic potential, whereas NPA method based on wave functions [27, 28] . In the present study, CHELPG and NPA charges of the molecule for various applied EFs have been compared (Table 6 .5).
The CHELPG charges of C(1) and C(16) atoms which are linked to the thiol possesses high positive charge (0.354e). This is mainly attributed to the presence of heavy atoms at either ends. The CHELPG charges of S-atoms on both ends for zero bias are -0.435e; as the field increases this value increases to -0.464e in the L-end and -0.468e in the R-end. The charges of Au(1) atom increases from 0.250 to 0.450e for the increase of EF. In the R-end, the Au-atom charge gradually decreases from 0.250 to -0.121e as the field increases. The NPA charges of all C-and S-atoms are found negative. In the L-end, the NPA charge of Au-atom has positive charge which increases from 0.268 to 0.482e for the applied EFs (0.00 -0.13 VÅ -1 ). In the R-end, the atomic charge of Au atom decreases constantly from 0.268 to -0.014e for the same applied field. However, the redistribution of charges is very systematic in the Rend than L-end of the wire. 
Molecular orbital analysis
The attraction of molecular systems is their precise chemical structure and better defined frontier-orbital levels, which makes them ideal models for basic studies of electron transport properties [29] . The external applied EFs made large variation in the distribution of orbitals [30] . As the field increases (0.00 -0.13 VÅ -1 ) the HLG sharpley decreases from 2.613 to 0.927 eV, which is calculated from Gaussian03 program package. The decrease of HLG with increase of applied EFs is shown in Fig. 6 .9. The spatial redistribution of the frontier orbital is a three dimensional representation of local density of states (DOS). The DOS spectrum has been plotted for the zero and various applied EFs (Fig. 6.10) , in which the hybridization of the molecular level with respect to the gold atom broadens the DOS peaks. The green and blue lines in the DOS spectrum indicate the HOMO and LUMO levels. The value of HLG measured in DOS [12] spectrum is almost same with the calculated value by using Gaussian03 program [3] . 
Electrostatic Potential
Gadre and co-workers [33, 34] Hence, even though small HLG exists in this molecular system, there is no possibility of conduction and therefore, it almost acts as an insulator. Thus, the geometrical and the electronic information of the molecule, obtained from this study will be useful for synthesizing new insulating layers. Further, the results of the study may allow to fabricate moletronic devices by using this kind of insulating polycyclic hydrocarbon materials.
